Development of the innervation of long bones: expression of the growth-associated protein 43.
It has been known from clinical and experimental observations that the peripheral nervous system is involved in the development of long bones. Expression of growth-associated protein 43 (GAP-43/B-50) was found in axonal growth cones during embryonic and postnatal ontogeny as well as in regenerating axons after nerve injury. The aim of the present study was to examine the occurrence of growing nerve fibers in rat tibia from gestational day 16 (GD 16) to postnatal day 28 (PD28). An indirect immunoenzymatic reaction using antibodies raised against GAP-43 was applied to detect outgrowing nerve fibers penetrating into the developing bone. On GD 16 and GD 17 no GAP-43-immunoreactive (IR) fibers were observed in the close vicinity of bone rudiments. On GD19 GAP-43-IR fibers were scarcely present within the periosteum of the central portion of the diaphysis. In the perichondrium surrounding the proximal epiphysis, nerve fibers were first detected around birth. From PD1 onward, numerous fibers were seen in the fibrous buds of the perichondrium at the epi-metaphyseal junction (Ranvier's grooves), some of them being adjacent to the blood vessels. Nerve fibers penetrating into the bone and located in the bone marrow, predominantly associated with blood vessels, were first observed on GD21 and their number increased with further development. They were initially located in the central portion of the diaphysis and later extended towards the metaphyses. On PD4 an increased number of GAP-43-IR fibers appeared in the perichondrium of proximal and distal epiphyses. In the fibrous strands penetrating into the epiphyses and in the secondary ossification centers, nerve fibers were first observed on PD10. From PD14 onward the pattern of tibial innervation remained unchanged but the intensity of GAP-43 immunostaining visibly decreased. The present study demonstrates that developing long bones of rat hindlimbs are supplied by growing nerve fibers immunoreactive for GAP-43 from GD 19 onward. Time and location of their appearance were at least partially correlated with known events taking place during long bone development, e.g. formation of primary and secondary ossification centers. Decreased expression of GAP-43 immunoreactivity in later developmental stages is believed to reflect nerve fiber maturation.